integrity of the pancreatic control; and (3) the permeability of the kidneys. Consequently, estimations of the amylolytic ferment in the blood and urine may be helpful in the diagnosis of hepatic disorders as well as in the recognition of pancreatic and renal diseases. Our experience suggests that reliance cannot be placed upon the results obtained with odd specimens, however, but that serial estimations at hourly intervals, before and after a test breakfast, must be made. By comparing the figures given by the blood at the end of each hour with those given by hourly collections of the urine the excretory power of the kidneys may be estimated, and the range of the amylolytic ferment in the blood and urine will also indicate the functional activity of the pancreas and liver. As a rule the percentages of ferment in the blood and urine rise and fall together, although not necessarily to the same degree, but it sometimes happens that the percentage in the urine drops after a meal while the blood rises. Under normal conditions these variations depend upon the amount of urine excreted, for when the total amount of ferment passed is calculated for each hour it is found that it increases more rapidly than the percentage. It is therefore advisable that the urine excreted each hour should be collected separately and measured in order that the dilution due to an excessive output may be allowed for.
Glycosuria in Renal Disorders.
A REDUCING substance is not uncommonly found in the routine urinary examination of patients with kidney disease. Thus out of the last thirty-three cases whose renal function I have tested, eight have passed small quantities of a reducing substance. In three cases this was definitely shown to be glucose. Often such findings are of little or no importance clinically, but occasionally a knowledge of their possible significance is of the greatest value in treatment.
The object of this paper is not to bring before you any original observa-tions, but to indicate very briefly some ways in which combined clnical and laboratory investigations may reveal the true nature of these glycosurias. The results are none the less valuable in that they frequently indicate that there is no cause for alarm.
THE NATURE OF THE REDUCING SUBSTANCE. The patient's urine has been found to reduce cupric solutions. The first and obvious question is whether the reducing substance is a sugar, and if so whether it is glucose. The various tests required before answering this question are well known, but I would mention that a combination of the osazone, fermentation and polariscope tests is sufficient for clinical purposes. Lw,vulosuria, lactosuria, pentosuria, &c., might occasionally accompany renal disorders, but their presence would not influence the treatnment of the kidney disease.
CLASSIFICATION.
Glycosuria may either result from, or be merely associated with, the renal disease. It may occur when the renal threshold for dextrose is lowered, or when it is raised. A lowered threshold is found in renal glycosuria (also known as renal diabetes or diabetes innocens). This condition is scarcely embraced by the title of this paper, for it is usually discovered in routine examination (for life insurance, &c.), and it must be extremely rarely that it is associated with structural kidney damage. I wish to refer to it again, however, in considering blood sugar curves. Renal disease has sometimes been proclaimed as the cause of a raised threshold for glucose. It has been suggested, however, that if due allowance be made for the hyperglyeaemia of old age, and errors which may be involved in the picric acid methods of estimation, kidney lesions do not of themselves often cause hyperglyceemia. In any case it is difficult to see how renal damage could at one and at the same time be responsible for both hyperglyceemia and glycuresis, and therefore strictly speaking, we are not concerned with this controversy to-night. On the other hand, disease of the kidney and disease of another part of the body causing hyperglyceemia and glycuresis, may coexist. The most obvious example is the association of diabetes mellitus with a renal lesion.
METHODS OF INVESTIGATION.
How are we to decide as to the significance of the glycosuria ? (a) The clinical findings may rule out the necessity for special investigation; for instance, in untreated advanced diabetes mellitus. I am not particularly concerned with such cases this evening. There are, however, a number of " potential " diabetics whose condition can only be diagnosed with the aid of laboratory methods.
(b) A blood-sugar curve obtained after 50 grm. of dextrose by mouth four hours or more after the last meal, is a valuable test of the carbohydrate storing mechanism. A low or normal curve together with the urinary and clinical findings, will settle whether the case is one of renal glycosuria. A prolonged and high form of curve demonstrates hyperglycasmia, a diminished power to store carbohydrate, of which the causes are many. If a cause is demonstrable I would term the condition " glycosuria "-pancreatic, hepatic, thyroid glycosuria, &c. If no cause is found then I would term the condition "diabetes mellitus," which may exist in various grades, *from the fully developed case with typical signs and symptoms to the "potential" case with a prolonged and raised blood sugar curve but without symptoms or signs other than the presence of glucose in the urine.
(c) Other urinary findings (ketonuria, oxaluria, &c.), ftcal examination and so on, all have their special bearings in testing these cases of glycosuria.
TREATMENT. The treatment of renal glycosuria is nil, beyond reassuring the patient, which may be of the greatest importance.
When the " leak point " is raised, and the cause of the hyperglycemia is recognized, the relative importance of this cause and of the kidney lesion demands consideration. Thus slight glycosuria may accompany albuminuria in some toxiemias of pregnancy, and this glycosuria is usually of little importance. Similar remarks apply to a combination of hepatic glycosuria and chronic nephritis, glycosuria and uralmia, &c. On the other hand, the albuminuria may be of small moment, for instance, in some cases of exophthalmic goitre, cirrhosis of the liver, &c. When true diabetes mellitus is responsible for the raised threshold, treatment depends upon the severity of the diabetes and the urgency of the renal condition. The advisability of ti:eating the diabetes first whenever possible is generally admitted, even in cases in which the diabetes is associated with surgical diseases of the kidney of a chronic nature. But when operation is urgently required, we may be faced with a very difficult problem. ILLUSTRATIVE CASES.
The following cases are recorded briefly, to illustrate some of the points mentioned:
Case I: Renal Glycosuria (M. 25).-The reducing substance was discovered during an examination for life insurance and was shown to be glucose. There was no polyphagia, no polydipsia, no polyuria, and no loss of weight. No family history of diabetes was obtained. About 1,500 c.c. of urine were passed in the twenty-four hours containing 01 to 10 per cent. of sugar. The blood-sugar curve was typical, with a lowered threshold for glucose ( fig. 1 ). There was no evidence of renal disease, clinically, or by renal function tests. No ketonuria was demonstrated. The systolic bloodpressure was 144, and the diastolic, 108. The Wassermann reaction was negative. Treatment consisted solely in reassuring the patient. Case II: Cirrhosis of the Liver; Intermittent Glycosuria; Albuminiuria (M. 61).-A typical case of cirrhosis with slight ascites. There was a history of considerable alcoholic excesses. He was referred to King's College Hospital as a pensioner suffering from " chronic nephritis." A reducing substance was found in routine examination and demonstrated to be glucose. It varied from 0 to 3 per cent. Albuminuria 0-14 per cent. (Aufrecht) ; but no ketonuria. The deposit showed leucocytes, a few red blood corpuscles and epithelial cells, but no casts. The blood-sugar was 0'40 and 0'28 per cent. on two occasions when the patient was glycosuric, and 0'12 per cent. when aglycosuric. Pancreatic function tests were negative. A skiagram showed no enlargement of the pituitary fossa. The urea concentration test was 3-34 per cent., and the blood urea 26 mgr. per 100 c.c. Diastase, in plasma, 6'7 units; in urine, 4 units (1,430 c.c.) and 2 units (1,150 c.c.). The patient was able to tolerate 385 grm. of carbohydrate, 200 grm. of protein and 120 grm. of fat daily without glycosuria. Subsequently as an out-patient sugar alone was forbidden. The result was slight intermittent glycosuria, but no ketonuria. He has been under observation for eighteen months. His cirrhosis and ascites have become slowly wvorse, but he has not developed any diabetic symptoms. The albuminuria is regarded as of secondary importance.
Case III: Bilateratl Renial Calculits; Poten7tital Diabetes Mellitits (AI. 48).-The reducing substance was discovered duriiug routine uriniary examination before operatioll, and was identified as glucose. There was no polyphagia, no polydipsia, no polyuria, and no loss of weight. His father had diabetes. About 1,500 c.c. of urine containing 1 per cent. sugar was passed in the twenty-four hours. The glycosuria varied with the diet. The blood-sugar curve is shown in the diagram (fig. 2 ). There was difficulty in obtaining urine, but less than 1 gri-n. of dextrose was excreted in the three hours following 50 grin. by mouth. No cause was found for the glycosuria. There was no clinical evidence of disease in any of the ductless glands. The systolic blood-pressure was 108, and the diastolic, 85. Pancreatic function tests were negative. The renal function tests were satisfactory from the point of view of an operation. Urea concentrationi test, 2'22 per cent. Blood urea (two and a half hours after the dose of urea) 73 mgr. per 100 c.c. Urea concentration factor (third hour after urea) 30. The blood diastase was 8 units. and the urinary diastase 16'7 units (volume 1,420 c.c.). A miioderate restriction of carbohydrate, and a considerable reduction of fat was enforced for a fewdays before operation. The urine became free from sugar and no ketonluria was produced. Successful left nephrolithotomy was performed by Sir John Thomson Walker. Healing was slow but uneventful. Slight glycosuria but nlo ketonuria followed. The glycosuria was easily controlled by reducing the diet slightly. The patient was discharged sugar free and without ketonuria on a diet in which sugar was forbidden and starches were moderately reduced. Case IV: Mild Diabetes Mellitus; slightly enlarged Prostate (M. 69).-An outpatient under Mr. Eyeridge complaining of difficulty in micturition. A slightly enlarged prostate was found. There was a history of diabetes of four years' duration. There was no polyphagia and no loss of weight, but polydipsia, polyuria and pruritus were present. No family history of diabetes was obtained. 2,000 to 2,500 c.c. of urine containing 2 per cent. glucose were passed in the twenty-four hours, on a diet from which sugar was excluded. Albuminuria, a trace. The deposit showed leucocytes and a few epithelial cells, but nio casts. Ketonuria, nil. The blood-sugar curve is shown on the screen (fig. 3 ). No cause was found for the glycosuria. All the ductless glands were normal clinically. A skiagram revealed no abnormality of the pituitary fossa. 126; diastolic, 110 . Pancreatic function tests were negative. The renal function tests were quite satisfactory. Fat was reduced to a minimum for a few days, without alteration of the protein and carbohydrate. Carbohydrate was then gradually reduced. The patient became sugar-free on a diet of carbohydrate 120 grm., protein 90 grm., and fat 40 grm., without any day of starvation, and no ketonuria resulted. He has remained free from sugar and acetone bodies for two months on a diet of 160 grm. carbohydrate, 100 grm. protein and 120 grm. fat, and his symptoms have disappeared. Prostatectomy is at present considered unnecessary, but we have considerable knowledge of his condition should the day for its performance arrive. SUMMARY.
(1) The nature of the urinary reducing substance should be demonstrated.
Substances other than glucose are relatively unimportant.
(2) When glycosuria is present, for which the cause is not obvious, a bloodsugar curve should be obtained. If the curve is normal or low the glycosuria is of little moment.
(3) If the curve is prolonged and raised the cause should be discovered, if possible, and the relative importance of this cause and of the renal disorder should be decided.
Dr. LEYTON said that he would refer to the chief points in the paper he had intended to read that night whilst discussing some of the questions raised by Dr. Harrison's paper. He referred first to the question as to whether cases of so-called " renal glycosuria " developed diabetes mellitus. During the last two years he had seen twenty cases of this condition, which he thought should not be referred to as renal glycosuria, but as glycosuria without hyperglyceemia. Of these, six averaged eighteen years since glycosuria had been first recognized, but none presented any of the signs or symptoms of diabetes mellitus. Glycosuria without hyperglyc&mnia did not protect against diabetes mellitus, and therefore it was always within the limits of possibility that an individual who happened to have that peculiarity would be attacked by diabetes mellitus, just as he might develop a new growth. The objection to the termn "renal glycosuria" was that there was no definite proof that glycosuria was of renal origin. It might be due to some substances circulating in the blood, which could be altered by the normal kidney and excreted as dextrose: or it might be, as Dr. Cammidge suggested, that it was due to an altered salt concentration of the blood. The question as to when a glycosuria was negligible or was a very early diabetes mellitus was not easy to answer. He referred to a case to illustrate the difficulty, and then pointed out why it was not easy to be dogmatic: A man aged 36, attempted to insure his life but was refused. He sought the opinion of a physician to learn why he had been refused. The physician failed to find any disease in him, and as a favour was informed by the insurance company, that sugar had been found in the urine of the applicant. The man was referred to hilmi, and was examined at 3 o'clock in the afternoon, bringing with him a specimen of urine passed at 11 a.m. That specimen was free from sugar, but the urine passed at 3 p.m. contained 0 7 per cent. of sugar, whilst the blood sugar was 011 per cent. The man had had thick soup and two pancakes for lunch at 1 o'clock.
Obviously no conclusion could be drawn. At 9.50 a.m., he took 50 grm. of dextrose.
At 10.10 a.m. his blood sugar was 0-18 per cenit.; at 10.25 a.m. it had fallen to 0'14 per cent.; at 11 a.mn. it was 0-1 per cent., whilst the urine collected contained 0 7 per cent.
Dr. Leyton asked whether this person was a case of negligible glycosuria, or a case of early diabetes inellitus, and suggested that the fact that the father suffered from diabetes mellitus inight add to the difficulty in arriving at a diagnosis. Amongst the negligible glycosurias, the glycosuria without hyperglycermia in which sugar appeared in a recognizable quantity in the urine even during fasts was well known, but cases in which the sugar was occasionally comllpletely absent were at any rate rare. There were apparently other types of negligible glycosuria, too; and in these not only did the quantity of sugar in the urine vary to some slight extent with the quantity of carbohydrate in the diet, but the blood sugar, too, might rise for a comparatively short period after food. That they were negligible followed from the fact that in three of the cases that had come under his observation, sugar had been discovered in the urine some twenty years previously, and in spite of the absence of treatment, no symptoms of diabetes muellitus had developed.
